Structure of reaction intermediates formed during Saccharomyces cerevisiae Rad51-catalyzed strand transfer.
The process by which the Saccharomyces cerevisiae strand transfer protein, Rad51, seeks out homologous sequences in vivo can be modeled by an in vitro reaction between a single-stranded DNA circle and a double-stranded linear DNA. In addition to the substrates and products, electrophoresis of reaction mixtures resolves two groups of low mobility bands. Here we show that the low mobility bands formed during strand transfer by Rad51 (or Escherichia coli RecA) represent joint molecules (JM) between the two substrates. One group, which we name JM1, is an obligatory reaction intermediate in which the complementary strand from the duplex substrate has been partially transferred to the single-stranded circle. Our assignment is based on pulse-chase and restriction enzyme digestion experiments and verified by electron microscopy. The slower moving group of bands, designated JM2, is formed by an unexpected reaction between JM1 and a second double-stranded linear substrate. Strand transfer of the second duplex initiates noncanonically from the end where the complementary strand is recessed. Thus JM2 is formed by two strand transfer reactions with the same single-stranded circular substrate but with opposite polarities. Finally, we show that the multiple sharp bands in JM1 and JM2 are the result of substrate sequences that pause strand transfer.